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Considerable emphasis has recently been placed
on the study of mitoehondria for as EL V. Cowdry
(1) has so aptly put it mitochondria (1) are basic
components of cells as characteristic of the cyto-
plasm as chromatin is of the nucleus; (2) provide
a very extensive surface area of interaction with
the cytoplasm; (3) are lipoprotein in composition;
and (4) are centers of constructive metabolism,
veritable little manufacturing plants of numerous
products essential to life. Mitochondria, when
adequately fixed and stained, are barely visible
with the light microscope. rrhey are normally not
visible with Poutine hematoxylin and eosin prep-
arations. They are not easily stained if ordinary
fixatives are used. Osmie acid, chromie acid and
potassium diehromate (2) have been used for
fixation of these organdIes; however, their stain-
ing is difficult and only eertaiu stains color them.
Iron hematoxylin and acid fuchsin are said to
demonstrate them fairly well.
This study was undertaken to find a suitable
and accurate method of fixing and staining these
vital elements, and secondly to determine their
numbers and localization in the human epidermis
and its appendages.
The methods of fixation and staining used to
study the mitochondria in the skin are listed
below, each will then be separately described.
1. Fixation in 10% formalin, then staining with
a. hematoxylin and eosin
h. ferric sulfate and iron hematoxylin
2. Fixation in Regaud's fluid, postchroming for
one week, then staining with,
a. hematoxylin and eosin
b. ferric sulfate and iron hematoxylin
c. Altman's aniline acid fuchsin and methyl
blue
d. iron hematoxylin and Van Gieson picric
acid fnchsin
3. Frozen sections, then staining with,
a. ferric sulfate and iron hematoxylin
b. neotetrazoliurn chloride for the succinic
dehydrogenase system
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With all the above methods the time intervals
of application of all chemicals were varied until
the optimal staining characteristics were ob-
tained. The method which gave the most accu-
rate, reproducible results and which seemed to he
the least apt to give technical difficulties was the
last mentioned, i.e., frozen sections stained with
the tetrazolium salt to detect the suceinic de-
hydrogenase enzyme system within the mito-
chondria and thus localize these organelles. It is
this method which will be discussed in detail and
from which the localization of mitoehondria in
the epidermis and its appendages has been deter-
mined. Prior to this, though, the other methods
investigated will be briefly reviewed, mainly
because they are the classical procedures for the
localization of mitochondria and are of historical
interest. rrhe methods revealed the following
findings:
1. Fixation in 10% formalin and staining with
ferrie sulfate and iron hematoxylin—Using this
fixative and staining technic the mitochondria
were hard to localize. The nucleoli were seen
readily, these were black in color as was the
nuclear membrane. In the stratum Malpighii the
above plus the intercellular bridges and nodes of
Bizzozero were well visualized. fh too were
black in color. In the sweat gland and duct an
occasional 0.5 micron round, black density was
noted in a perinuclear position. Similar struc-
tures were seen in small numbers in the haii bulb.
None were seen in the sebaceous glands.
2. Fixation in Regaud's fluid, postchroming
for one week and staining with Altman's aniline
acid fuchsin and methyl blue—An occasional
blue-black round, 0.5 micron mitochondrion was
seen in the basal layer, stratum Malpighii and
hair root. Otherwise the results were essentially
negative. The nucleoli appear purple as does the
nuclear membrane. The bridges are also purple
in color. The cytoplasm is of a light blue color.
All other methods of staining using both
methods of fixation gave negative results as no
mitochondria were visualized.
With the advent of specific enzyme technics it
is now possible to localize the suceinie dehydroge-
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FIG. 1. Note perinuclear deposits of tetrazolium salt, denoting site of mitoehondria, especially in
lower part of epidermis.
rinse system within the mitochondria and thus
to localize the mitochondria themselves. This
method will be described and the morphologic
description of the results of this method will be
pointed out here.
Fresh frozen tissue was sectioned with a eryo-
stat at 4—6 micra, mounted on glass slides and
incubated at 370 C. for 45 minutes in the follow-
ing substrate:
0.1 M P04 buffered to p11 7.4
(2.68 gm. P04 to 100 cc. water 5.0 cc)
0.5 M Na Succinate
(1.35 gm. to 1.0 cc. water 0.3 cc)
Neotetrazolium chloride
(5.0 grn. to 1.0 cc. water 0.7 cc)
Distilled water was added to make the total
volume 3.0 cc.
RESULTS
Stratum Germinativum—Here the sites of re-
activity denoting the mitoehondria are quite
numerous. These are seen as 0.5-1.0 micra,
blue-black, round to oval densities, most of which
surround and seem to encompass the nucleus
(Fig. 1). They are variable in size and shape but
seem restricted to the aforementioned dimen-
sions. Numerous sites of reactivity are noted
spreading peripherally from the nucleus through
the cytoplasm to the cell boundary. The impres-
sion obtained was that there was a polar localiza-
tion with the more reactive sites in the cytoplasm
between the nucleus and the epidermal-dermal
junction.
Stratum ltialpighii—In this region numerous
sites of reactivity are noted but there is a definite
tapering off of the number of mitochondria as
one moves upward toward the stratum eorneum.
The mitoeliondria are again seen as round to oval,
blue-black, 0.5—1.0 micra densities. The organelles
are perinuelear in site as well as throughout the
cytoplasm, but they are fewer in number. There
also appears to be somewhat more variability in
the shape of the mitochondria in this cell region.
It is assumed that this is due to a beginning
breakdown or disintegration of the mitoehondria
(3).
Stratum granulosum—In this cell layer the
reactive sites appear more red in color and are
more variable in size. The mitochondria are less
numerous, being mainly perinuclear, hut there is
a greater lateral spread of the organelles, proba-
bly due to the shape of the cells in this region.
Stratum Corneum—Here few if any sites of re-
activity are noted. As one searches closely an
occasional mitoehondrion is found. Those seen
retain a red-blue color and are variable in size
being about 0.5 micra in diameter.
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Hair—The cells of the hair matrix and bulb
contain numerous sites of deposition of the
tctrazolium salt. These again are within the size
and shape limits of those of the basal layer of the
epidermis. They are localized in a perinuelear
position hut are also seen throughout the cyto-
plasm. Reactive sites are noted throughout the
length of the follicle, being localized to the outer-
most or basal layer of the outer sheath, and are
decreased in number as one moves from the outer
through the inner root sheaths. None are seen in
the keratinized hair.
Sebaceous Glands—The sites of reactivity in
these appendages again retain the same shape as
noted before. The mitochondria appear more
variable in size and in general are larger than any
noted previously (0.5—2.0 micra). This again may
be due to mitochondrial damage. The color is a
shading of red, blue and black. Most of the salt
is deposited in the basal layers of the gland,
maintaining a perinuclear site. Fewer of the
organelles are seen throughout the gland as the
cells move in from the basal layer, being more
variable in size and shape as they progress in-
ward. In general, the mitochondria appear smaller
towards the center of the gland. Those seen in
the basal layer appear to be situated between the
nucleus and the cell membrane on the side distal
to the center of the gland.
Eccrine Gland—Both cell layers in the duet
show sites of reactivity as do the cells of the gland
itself. There are numerous sites of reactivity in
the epidermal sweat duct coil but these are hard
to localize. In all regions the mitochondria ap-
pear to surround the nucleus.
DIscussioN
At present it is possible to separate mito-
chondria from the rest of the cell by ultracentrifu-
gation (4). This has made possible the demonstra-
tion of several enzyme systems contained therein.
Analysis done with these organelles has shown
that they contain a high concentration of re-
spiratory enzymes and are considered to play an
integral role in the aerobic phase of glucose
metabolism (5). rrhe anaerobic phase of the me-
tabolism of glucose down to the production of
pyruvate is assumed to take place in the cyto-
plasm outside the mitoehondria. The dehydroge-
nating systems are therefore assumed to be con-
tained in these vital elements. According to
Pearse and Scarpelli (6) the suceinie dehydroge-
nase system is situated almost exclusively in the
mitoehondrial fraction of the tissue homogenate.
It has been shown that tetrazolium salts, when
used histochemieally, leave purple diformazan
crystals at the points of dehydrogenase activity.
This depends on the acceptance of hydrogen by
the water soluble tetrazolium salts and then re-
duction to a colored, insoluble formazan dye (6).
Thus one is able to detect the sites of mito-
chondria, assuming the localization of the de-
hydrogenase system to be within the mito-
ehondria.
Using this method it was noted that the human
epidermis contains numerous mitochondria. Most
are located in the stratum germinativum and as
seen with the light microscope appear as blue-
black, 0.5—2.0 micra densities. Their shape varies
from round to oval. The overall localization of
the mitoehondria compared favorably with pre-
vious studies (7). It was evident that these
organdIes were localized to sites of great meta-
bolic activity, notably the basal layer of the epi-
dermis, the hair matrix, the ecerine apparatus
and the periphery of the sebaceous glands.
It is felt that the method described, adequately
and with little technical difficulty, localized the
succinic dehydrogenase enzyme thus enabling
one to localize sharply the mitochondria in the
human epidermis and its appendages.
The other methods mentioned were time-
consuming both in regard to fixation and staining
procedures. Regaud's fluid and postchroming for
one week was found to be superior to 10%
formalin as a fixative. Tissue fixed in Regaud's
fluid and postchromed for one week and stained
with Altman's aniline acid funchsin and methyl
blue allowed visualization of the mitochondria,
but not as accurately and as simply as with the
tetrazolium salt. Pearse (3) appears to feel like-
wise and has recently stated that nobody should
further consider the employment of older stain-
ing technies for these organelles.
sUMMARy
The classical methods and a newer method
employing a tetrazolium salt to localize mito-
ehondria histochemically in the human epidermis
and its appendages have been described. Using
the latter technic to locate the succinic dehydro-
genase system and thus the mitochondria, their
localization in human skin is defined.
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I am indebted to Dr. M. Carpenter, Department
of Anatomy, University of Minnesota School of
Medicine, for her helpful suggestions and criti-
cisms.
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